.Searching PA J 



1/2 /*— *? 



PATENT ABSTRACTS OF JAPAN 



(11 Publication number : 10-160282 
(43)Date of publication of application : 19.06.1998 



(51)Int.CI. 


F25B 39/02 
F28D 7/10 




(21 Application number : 09-317905 


(71)Applicant 


: CARRIER CORP 


(22)Date of filing : 1 9.1 1 .1 997 


(72)Inventor : 


CHIANG ROBERT H L 






ESFORMES JACK L 






HUENNIGER EDWARD A 



(30)Priority 

Priority number : 96 752341 Priority date : 19.1 1.1996 Priority country : US 



l± Cm A 

uppopopO 



v. y 



(54) VAPOR COMPRESSION COOLING SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an evaporator a 
portion of which is operated in a falling liquid film heat 
transfer method and another portion of which is 
operated in an immersion heat transfer method at the 
time of a stable operation of a refrigerating system, by a 
method wherein the liquid level of a refrigerant in an 
outer shell is held at a level which makes a specified 
percentage of horizontal tubes immersed in the liquefied 
refrigerant. 

SOLUTION: A refrigerant which flows into an evaporator 
50 through an inlet 74 by way of an inlet conduit 78 
passes through a distribution system 80 which is made 
of a plurality of nozzles 82 disposed horizontally above 
the uppermost positioned tubes of a second group of 
tubes 72. In a stable operating condition, a closed loop of 
a refrigerating flow in a system 10 is formed such that 
the liquid level 51 of a liquefied refrigerant in the outer 
shell 52 is positioned at a level where at least 25 
percent of a plurality of horizontal heat transfer tubes 

located close to the lower end of the shell is immersed in the refrigerant. Accordingly, the 
evaporator 50 is operated such that the tubes which are disposed at the lower side portion of 
the evaporator are operated in an immersion heat transfer method while the tubes which are 
not immersed in the liquefied refrigerant are operated in a falling liquid film heat transfer 
method. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has the external shell which is equipped with the following and equipped with a 
refrigerant inlet port and a refrigerant outlet. It has a level heat transfer tube substantially 
[ plurality ] which was held in said external shell. Said some of tubes [ at least ] adjoin the upper 
limit of said shell, and said some of tubes [ at least ] adjoin the lower limit of said shell. Said tube 
It is formed so that the liquid cooled may flow the inside of the tube. Said evaporator It has 
further a means to distribute a refrigerant on said heat transfer tube adjoined and prepared in 
said upper limit of said external shell in response to the refrigerant which flows into said external 
shell through said refrigerant inlet port. The closed loop of said refrigerant flow is a system by 
which it is characterized by designing said at least 25% of level tube so that the liquid level of the 
liquefied refrigerant in said external shell may be held at the liquid level to which it floods with a 
liquefied refrigerant at the time of operational stability of said cooling system. Compressor 
Capacitor Expander The closed loop of a refrigerant flow to link these compressors, a capacitor, 
an expander, and an evaporator to a serial, and for a refrigerant circulate [ are a steamy 
compression cooling system for having an evaporator, respectively and cooling a liquid, and ] 
through them is formed, and said evaporator is upper limit and a lower limit. 

[Claim 2] The closed loop of said refrigerant flow is the system of claim 1 characterized by being 
designed so that the flow rate of the refrigerant which flows said means to distribute may not 
become larger than the full flow of the refrigerant which flows from said refrigerant inlet port to 
said refrigerant outlet further. 

[Claim 3] Said level tube which is not dipped in a liquefied refrigerant is the system of claim 1 
characterized by operating by the flowing-down liquid membrane heat transfer method at the 
time of operational stabiiity of said cooling system. 

[Claim 4] It is the system of claim 1 characterized by dipping said about 50% of level tube in the 
liquefied refrigerant preferably at the time of operational stability of said cooling system. 
[Claim 5] Said part of the heat transfer tube which said part of the heat transfer tube which 
adjoins the upper limit of said shell is a capacitor type heat transfer tube, and adjoins the lower 
limit of said shell is the system of claim 3 characterized by being a reentrant cavity type heat 
transfer tube. 

[Claim 6] Said part of the heat transfer tube contiguous to said part of the heat transfer tube 
which adjoins the upper limit of said shell, and the lower limit of said shell is the system of claim 
3 characterized by being a tube same type. 

[Claim 7] As for said evaporator, said liquid which should be cooled forms two paths, the 1st 
path and the 2nd path, through said external shell. At the 1st path which passes along the 1st 
group of said level heat transfer tube contiguous to said lower limit of said shell For said liquid, 
said liquid is the system of claim 1 to which it is characterized by temperature falling to low 
outlet temperature from said intermediate temperature in the 2nd path which passes along the 
2nd group of said level heat transfer tube who temperature falls from the temperature of an inlet 
port to middle temperature, and is allotted on said 1st group of a tube. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the system for cooling a fluid. Especially this 
invention relates to the steamy compression cooling system for cooling liquids, such as water 
which has the section where the evaporator of a system operates by the filledHiquid method, 
and the section which operates by the falling-film-evaporator method. 
[0002] 

[Description of the Prior Art] The steamy compression cooling system for cooling the water 
usually called "chiller (cooling system)" is widely used for the application of air-conditioning. 
Such a system usually has a big cooling capacity more than 350kW (100t), and it is used in order 
to air-condition the large-sized structures, such as an office building, a large-sized store, and a 
ship. In the general application which adopts a chiller, the cooling water flow closed loop which 
circulates water to many air / hydrothermal exchangers which were allotted to the space which 
should be cooled from the evaporator of a chiller is contained in a system. 
[0003] As another application of a chiller, the process cooling system of the liquid in the 
application on industry is mentioned. Drawing 1 shows the general array of the conventional 
typical chiller 10. a chiller 10 — setting — a refrigerant — a compressor 12 to the capacitor 14, 
an expander 16. and an evaporator 18 — and the closed loop which returns from there to a 
compressor 12 is flowed. In a capacitor 14, a refrigerant is cooled by moving heat to the liquid 
which flows by the refrigerant and heat exchange relation. This fluid is a cooling fluid which is 
water generally supplied from the source of supply 20. In an evaporator 18, the water from the 
loop formation roughly shown with the sign 22 flows by heat exchange relation to a refrigerant, 
and is cooled by moving heat to a refrigerant. 

[0004] Generally the evaporators of a chiller are shell and a tube type heat exchanger, i.e., 
tubular type heat exchanger. Tubular type heat exchanger is equipped with the external shell to 
which two or more tubes generally called a bundle were dedicated. Liquids which should be 
cooled, such as water, flow a bundle. The energy which ebullition takes is obtained from the 
water which flows between tubes as heat. Cooling water will be used for the liquid cooling 
process for air-conditioning if heat is taken. Therefore, it becomes the key objective of a design 
of a chiller to optimize the heat exchange performed within evaporator shell. 
[0005] Generally, the effectiveness of a field and the liquefied matter is higher than the 
effectiveness of a field and the same gas matter. For this reason, in order to perform effective 
and effective heat transfer, while the chiller is operating, it is important for the condition of it 
having been covered or having soaked in the liquefied refrigerant to hold the tube in a chiller 
evaporator. Most conventional chiller evaporators attain the purpose which holds a tube in the 
condition of having wetted wet, by the approach learned as "filled— liquid mode" during actuation 
of an evaporator. 

[0006] In this filledHiquid mode, liquid level of the liquefied refrigerant in evaporator shell is made 
high enough so that all tubes may come below the liquid level of a liquefied refrigerant. Drawing 2 
shows roughly the chiller 24 with which all tubes are operating in the state of filledHiquid [ which 
is located downward ] from the refrigerant liquid level 28. Although all tubes are certainly soaked 
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by actuation of the chiller in a filled— liquid condition, this needs comparatively a lot of 
refrigerants with a mass chiller especially. Although it is not so important when the cost of a 
refrigerant is low, the amount of the refrigerant needed as cost increases serves as a big cost 
factor. This also affects a sustaining cost and the costs of exchange over the life of not only the 
front end cost at the time of being filled up with a refrigerant required for a chiller but a chiller. 
[0007] Recently, the refrigerant new as a thing which replaces a chlorination refrigerant 
(chlorinated refrigerant) is introduced for the use in such a chiller. Also understanding is not 
already used for a chlorination refrigerant decreasing an atmospheric ozone layer extremely. 
Such a new refrigerant becomes in the thing twist before substituting and is expensive. Reducing 
the amount of a refrigerant required as a result to be filled up with the system of a chiller helps 
to fill the needs of manufacturing not only big costs reduction but a more environment-friendly 
product. 

[0008] Using what is known as a "falling-film-evaporator" evaporator as one approach of 
reducing the costs concerning a refrigerant is mentioned. The concept of a falling-film- 
evaporator evaporator being what heat transfer of a refrigerant and the external surface of a 
tube depends mainly on the convection current and conduction, and suitable heat transfer are f 
premised on being obtained by continuing and supplying liquid membrane to the outer surface of 
a tube only by dipping a tube in the pool of a liquefied refrigerant. Therefore, by dipping in a 
liquefied refrigerant, by adopting a means to distribute the flow of a liquefied refrigerant to a 
tube, the amount of the refrigerant used needed for a chiller is decreased, and cost can be 
reduced rather than soaking a tube. 

[0009] The film of a liquefied refrigerant does not need to maintain the front face of a tube at 
the condition of having wetted wet, it is necessary to dip no bundles in a liquefied refrigerant by 
this, and effective heat transfer of an evaporator is secured, the flow, i.e., the flow, of a 
refrigerant. Such flow is attained by carrying out the spray of the liquefied refrigerant to the 
upper tube in the bundle of an evaporator. And a refrigerant covers an upper tube and flows 
down in a downward tube by the flow of gravity. For this reason, such a heat exchanger is called 
the "falling-film-evaporator" evaporator, flow with the liquefied refrigerant sufficient so that that 
it is very important in a falling-film-evaporator evaporator may not leave the tube which all the 
refrigerants evaporate in the upper one and is not damp in the lower one covering a bundle — it 
is — thereby — heat transfer — a bad influence — ****** — it is that there are nothings. 
[0010] In case a liquid soaks a front face, the surface tension of a liquid is mentioned as one 
factor which does a bad influence. Generally, as surface tension is low, the inclination for a liquid 
to soak a front face becomes stronger. For example, water has comparatively high surface 
tension and, therefore, is comparatively inferior as a wetting agent. There are some which have 
the surface tension of 30 dynes or less per cm in 26.6 very low surface tension, i.e.. Fahrenheit, 
and have the wetting power which was therefore excellent in the refrigerant currently used 
widely. As such a refrigerant, R-134A, R-410A, R-407C, R-404, R-123, etc. are mentioned. 
[001 1] In the falling-film-evaporator evaporator, when the amount of the refrigerant distributed 
to a tube especially when the refrigerant which has comparatively high surface tension is used 
was equal to the total flow of the refrigerant which flows an evaporator, it turned out that heat 
transfer sufficient at acceptable cost is not obtained. A recycle ratio is used in order to measure 
the distribution refrigerant flow rate to the total flow which flows an evaporator. When these flow 
rates are equal, it can be said that a recycle ratio is equal to 1. Since sufficient liquefied 
refrigerant flow is produced to the whole tube in a falling-film-evaporator evaporator, the 
technique of forming the mechanical pump for recycling a refrigerant within evaporator shell is 
known as the well-known approach from the former. 

[0012] Drawing 3 illustrates roughly the evaporator 30 of the falling film evaporator in the chiller 
system 32. The refrigerant which flows from an expander 16 as compared with the filled liquid 
system evaporator shown in drawing 2 goes into the evaporator shell 36 via a supply line 35, and 
flows to the distributor which is arranged on the topmost part of a tube 40 and which was 
usually known as the spray deck 38. The recycling circuit which has a recirculation pump 42 pulls 
out a liquid cryogen from the pars basilaris ossis occipitalis of evaporator shell via Rhine 44, and 
sends it to a supply line 35 via Rhine 46. A refrigerant is again distributed through the spray deck 
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38 by the supply line. Thus, a recycling system secures sufficient flow which flows the spray 

deck 38, and keeps a tube certain in the condition of having wetted wet. 

[0013] 

[Problem(s) to be Solved by the Invention] It is maintained at the condition that all the tubes 
were damp after the liquid level 48 of the pool of the liquefied refrigerant in an evaporator had 
become the bottom of the lowest tube in a bundle, in such a flowing-down liquid membrane 
evaporation system. In order to make it certainly damp [ all the tubes of a bundle ], it is made for 
the rate of a recycle ratio (ratio of the flow rate of the spray deck and the total flow which flows 
an evaporator) to be set to about 10 to 1. Since an evaporator can operate effectively, without 
flooding a tube, the amount of a refrigerant required to be filled up with such a system decreases 
fairly compared with the system which has the evaporator which operates in the state of filled- 
liquid. However, the additional costs of a recycling system, especially a pump may negate the 
part of the cost reduction by having decreased the amount of a refrigerant. 
[0014] As a clear difficulty by needing a pump, the increment in costs, low dependability, and a 
high sustaining cost are mentioned. Things very important although it is not so clear are the 
increment in subordinate power consumption, and aggravation of the net materials use (net 
materials utilization) in the chiller which needs a recirculation pump. When a pump is used so 
that perfect wetting may be especially secured in a falling-film-evaporator evaporator, 
subordinate power consumption causes about 1 to 2% of increment, and this is considered to be 
a remarkable increment in the commercial scene of todays high efficiency chiller, and it is a 
positive fault from a viewpoint of global warming. [ in the power consumption of a chiller ] 
[0015] The purpose of this invention is offering the chiller system which has the evaporator to 
which a part's operates by the flowing-down liquid membrane method, and a parts operates by 
the filled—liquid method. 

[0016] Another purpose of this invention is operating the evaporator which combined the falling 
film evaporator and the filled liquid system without the recycling system. 

[0017] Still more nearly another purpose of this invention is operating the 2 way type evaporator 
which has the 1st path which operates by the filled liquid system, and the 2nd path which 
operates by the falling film evaporator. 

[0018] The heat transfer tube in the 1st path of still more nearly another purpose of this 
invention is a reentrant cavity type heat transfer tube, and the heat transfer tube in the 2nd 
path is offering the 2 way type evaporator for chiller systems which is a capacitor type heat 
transfer tube. 

[0019] Still more nearly another purpose of this invention is [ in / are the 2 way type evaporator 
which has the 1st path which operates by the filled— liquid method, and the 2nd path which 
operates by the falling film evaporator, and / both methods ] offering the 2 way type evaporator 
which performs heat transfer with the optimal single tube type. 
[0020] 

[Means for Solving the Problem] The purpose of these and other this inventions is attained by 
the steamy compression cooling system for cooling the liquid containing a compressor, a 
capacitor, an expander, and an evaporator. The compressor, the capacitor, the expander, and the 
evaporator form the closed loop of a refrigerant flow to link to a serial and for a refrigerant 
circulate. The evaporator of a system contains the external shell which has upper limit, a lower 
limit, a refrigerant inlet port, and an outlet, respectively. An evaporator contains further two or 
more almost level heat transfer tubes held in external shell. Some heat transfer tubes [ at least ] 
adjoin the upper limit of shell, and some tubes [ at least ] adjoin the lower limit of shell. The tube 
is formed so that the liquid cooled may flow these tubes. 

[0021] An evaporator receives the refrigerant which passes external shell via a refrigerant inlet 
port again, and includes a means to distribute a refrigerant to the heat transfer tube adjoined 
and arranged on the upper limit of external shell. The refrigerant flow closed loop of a cooling 
system is constituted so that it may be held at liquid level to which at least 25% of a level tube is 
flooded with a liquefied refrigerant at the time of operation in the condition that the cooling 
system was stabilized by the liquid level of the refrigerant in external shell. The level tube which 
is not dipped in a liquefied refrigerant operates in flowing-down liquid membrane transfer mode. 
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Many do not consist of the total flow of the refrigerant with which the flow rate of the 
refrigerant which flows a distribution means flows from a refrigerant inlet port to a refrigerant 
outlet in the case of such stable operation. 

[0022] In the desirable example, an evaporator is the thing of the type with which the liquid 
which should be cooled forms two paths via external shell. The 2nd path goes via the 2nd group 
of a level tube via the 1st group of the level heat transfer tube with which the 1st path adjoins 
the lower limit of shell. 

[0023] Other purposes and advantages of this invention are made clear from the following 
detailed explanation using an attached drawing. In addition, in the attached drawing, the sign 
identically same to a considerable member is attached. 
[0024] 

[Embodiment of the Invention] Drawin g 4 shows roughly the chiller 10 which incorporated the 
flowing-down liquid membrane / filled— liquid hybrid evaporator 50 concerning this invention. The 
closed loop of the refrigerant flow of the criterion which a refrigerant flows a capacitor 14, 
expansion equipment 16, and an evaporator 50 from a compressor 12, and returns to a 
compressor 12 after that is used for a chiller 10. 

[0025] An evaporator 50 contains the external shell 52 which two or more level heat transfer c - 
tubes 54 which can be set to a bundle penetrate. When drawing 5 is furthermore referred to, in 
the illustrated example, an evaporator is an evaporator of the 2 way type type which has a water 
can 56 at the end and has the partition 58 divided into the inlet-port section 60 and the outlet 
section 62. The inlet-port section 60 opens an inlet port 64 and the outlet section 62 for free 
passage to an outlet 66, respectively. The water which flowed into the inlet-port section 60 via 
the inlet port 64 flows to the edge 70 of the opposite side via the 1 st tube group 68 which 
adjoins the lower limit of the evaporation shell 50. the 2nd tube group 72 which water reverses a 
direction here and adjoins the upper limit of shell — going — the outlet section 62 of a water 
can 56 — return and here — an outlet — it is discharged from a water can via a conduit 66. 
According to the request, more partitions are used as everyone knows, and shoes are separate, 
and it is also possible to obtain two or more paths of the water which passes along shell 52 by 
dividing a tube into the group connected mutually. 

[0026] At the time of actuation, a refrigerant mainly flows into the external shell 52 of an 
evaporator 50 via the refrigerant inlet port 74 in the state of a liquid, and mainly flows out of 
steamy shell via the refrigerant outlet 76 by the gaseous state. 

[0027] it is shown in both drawin g 4 and drawing 5 — as — an inlet port — the refrigerant which 
flowed into the evaporator via the inlet port 74 through the conduit 78 passes along the 
distribution system 80 arranged so that it might lie on the best location of the 2nd group of a 
tube 72. A distribution system consists of a series of spray heads or nozzles 82. all the 
refrigerants with which a spray head or a nozzle passes along evaporator shell — the topmost 
part of a tube — suitable — distribution — or it is allotted on the best location of a tube so that 
it may be sprayed. 

[0028] In an operational stability condition, by restoration of the refrigerant in a system 10, and 
the design by the whole closed loop of a refrigerant flow, the liquid level 51 of the liquefied 
refrigerant in the external shell 52 is set up so that at least 25% of the level heat transfer tube 
near the lower limit of shell (%) may be held in a location which is dipped in a liquefied refrigerant. 

[0029] Consequently, in such an operational stability condition, while an evaporator 50 operates 
by the tube arranged on the lower part of the evaporator which operates by the filled— liquid heat 
transfer method, the tube which is not dipped in a liquefied refrigerant operates by the falling- 
film-evaporator heat transfer method. 

[0030] It is very important to always fully soak all heat transfer tubes in a high performance 
evaporator, in order for the optimal heat transfer to carry out from all tubes. In order to attain 
this result, the flowing-down liquid membrane / filled— liquid evaporator by this invention operate, 
where 25 to 75% of level heat transfer tube is dipped in a liquefied refrigerant at the time of the 
actuation by which the cooling system was stabilized. In the desirable example, a system is 
designed so that about 50% of heat transfer tube may be dipped in a liquefied refrigerant in the 
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condition that the cooling system was stabilized. 

[0031] Although the hybrid type evaporator was shown and described about passage 
arrangement of the type which flows upwards from the bottom, this may be applied to passage 
arrangement of the type which flows from width to width. In such arrangement, the hot water 
which flowed flows one bundle side, and comparatively cold water flows another bundle side. 
[0032] In the still more nearly another desirable example of this invention, an evaporator 50 is 
the thing of a type with which the liquid which should be cooled forms two paths via the external 
shell 52 and which was mentioned above. In this example, the tube group 68 of the 1st or a lower 
part is common knowledge as what is known as a reentrant cavity type heat transfer tube, and 
demonstrates high performance in a filled liquid system evaporator. As an example of a such 
reentrant cavity type tube, available turbo B1-3 are commercially mentioned from a 
WORUBERIN tube company (Wolverine Tube Company). In this example, since the 2nd or the 
upper tube group 72 is used for the application of a capacitor, he is the thing of the type 
generally designed, and he is a thing available "spike type capacitor tube" type especially 
commercially from WORUBERIN Tube Company as a turbo C1 or a heat transfer tube of C2. 
[0033] By using the heat transfer tube of a type which is different in an upper part and lower 
part side, a high heat transfer coefficient can be attained with both the filled-liquid section of an 
evaporator, and a flowing-down liquid membrane section. However, a final target is optimizing 
heat transfer in both a flowing-down liquid membrane evaporator section and a filled-liquid 
evaporator section. Tubes do not need to differ. This target is implementation-ized by the single 
tube which can offer the optimal heat transfer by both methods. 

[0034] The advantage of the arrangement explained above is useful especially when used with 
the 2 way type evaporator of the type which flows upwards from the bottom. In order to 
understand such an advantage completely, first, with the typical 2 way type evaporator, the 
temperature of the water which flows from an inlet port 64 is about 54 Fahrenheit, and he should 
understand that are cooled by 48 degrees from Fahrenheit 47 [ about ] at the termination 70 of 
the 1st path, and it is cooled further and it is cooled to about 44 Fahrenheit in case this water 
flows out of an evaporator at an outlet 66. Therefore, the temperature of the water which passes 
a tube is comparatively high in a lower part or a pool boiling section, and comparatively low in the 
upper part or a flowing-down liquid membrane heat transfer section. 

[0035] The advantage of this example is explained as follows bearing this in mind. A pool boiling 
multiplier is proportional to square [ of wall overheating (deltaTWS) (wall super-heat) defined as 
a difference between the temperature of the wall of a tube, and the saturation temperature of a 
refrigerant ] mostly. On the contrary, flowing-down liquid membrane factor of evaporation is 
mostly in inverse proportion to the 4 roots of wall overheating. Thus, at the 1st path of the 
evaporator which has the upper passage arrangement from the bottom, wall overheating is 
comparatively high and a nucleate-boiling multiplier becomes high. However, when it assumes 
that a filled liquid system evaporator and a heat transfer tube same type are in the 2nd tube, at 
the 2nd path where overheating of a wall becomes small as the fluid of a tubeside gets cold 
relatively, a nucleate-boiling multiplier has a possibility of decreasing also 3 to 4 times. 
[0036] In a typical high efficiency chiller, the differences of the temperature of the water at the 
time of water going into a heat exchanger and the saturation temperature of a refrigerant are 
about 12 Fahrenheit, and the difference at the time of water coming out of a heat exchanger is 
the smallness of about 2 times from Fahrenheit 1. Therefore, if it goes into the 2nd path and a 
temperature gradient becomes small, the heat transfer coefficient of a falling film evaporator will 
become higher than a pool boiling multiplier. This is applied especially when the suitable heat 
transfer front face is used for both paths in this example. 

[0037] He can understand that the heat exchanger by this invention operates without a 
refrigerant recirculation pump, can attain a high heat transfer coefficient in both pool boiling and 
a flowing-down liquid membrane evaporation method, and the advantage is acquired by this. 
[0038] As mentioned above, if this invention is summarized, this invention is a steamy 
compression cooling system for specifically cooling a liquid about a chiller with a hybrid falling- 
film-evaporator evaporator, and it has the spray distributor for distributing a liquefied refrigerant 
to the whole tube in shell and a tube type evaporator. The differential pressure within the loop 
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formation of the refrigerant flow which passes an evaporator is the single means which makes 
the flow which passes along a spray distributor. An evaporator operates as a hybrid falling-film- 
evaporator heat exchanger (i.e., a condition [ half-filledHiquid ]). A liquefied refrigerant is filled by 
the lower part part of evaporator shell in order to wet the tube in the direction of under a 
bundle. The tube of the upper one is wet only by the refrigerant spray from a spray distributor. A 
system operates in the condition of having been stabilized and, therefore, at least 25% of the 
tube in an evaporator operates by the filled— liquid heat transfer method. The fill of the 
refrigerant in a system can be decreased and it is not necessary to use a circulation system and 
a pump for coincidence by this system. 



[Translation done.] 
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( 2 

1 

•3 >y=i>v turns t mm® £ isa^j icssgis 

±SiTS5t*fb. d^. #&AP£#8EfflP.h£tft 

sntB^si5 -> x;k*i »ok^ £ nfc*t » <d$£M w ir* w«te i o 

!2->x^O±«tlB«b, ttJgE^a-:/©'>7i< £h- 

mmtz->^)i><D-Ft%£t&&i^ mia^jL-^tt. 

ttdBHStt. H5f2^«AP«:^LTSiJf2^1-g5->x;HC 

mtm \zm%z^-m ~> x ;h*j ©«#?& &©«&a<t(rfE;ic5F 
hf $ n-s «k ? n-g. c t &4#& t -r-5 a. 
fH^gH-r^^e^ssn^^wiiitM^fe^atAPd^ 
«t 5 K^n-sns c t £-rz>m#m 1 ©->at- 

^T^ift-r«.C«i:^Sii-r%Bi*« 1 ©->A-rA. 
[lt#JR4] *3l5?&ai->A^A©^i»i^llt^{a, » 

[|f*JS5] MfE->x;K^±s^irniST-5e^j.- 
£m<i£*jtiffili^'f zr<oGte^z--7X'hz>z.£*ft 

ffi. £ t Z> M 3 05 ->Xf A. 

:/© WE«#iS «fc MfE -> x JKOTSB BM*f * e J»5=- 

a**ME*1-«>'x;H£*hbTJB 1 ©$§8S<hSi?2©jM8&©2 
^©«SS£J£f£U Si}fE->x;UCDtf|fET«irP«-r-5HiJ 

lE^e^a-:/©* 1 ©yju-y^ii-ssg i ©ass 

fETk^e^a-:?"©^©;/.)!/— ;/£j§-5g|2©jISS 50 



) 10-160282 

2 

Tte. t9IE^«ttllE4 , raiaSd^<£^tliPigS'siaS 

[&9i©f£8Sfciafn 

[0 0 0 1] 

[?g0B©j£f5t£air#f?] mw^M-r^tz 

5 * ©^JEtS?&ai -> * =r A K-T -5 . 
[0 0 0 2] 

**^-r-5fc»©^JEiRg^ai->7.5 L A«, £g5©/B 

0+07-; h (10 0h» ^±©A£&#2ifl§m£# 
U AMX h743£tfjffi&t*©A^©#l 

[0 0 0 3] f7-©giJOfflltUT, ^H±©ffl^lC 
*W-5^©^D-feX^S®*i^lf @ 1 it, 

f*©ftIW&?7-l 0©— J&l$gE?l.l£jj5-f. 5^5 — 

iot*v^T> ^i««a>y^-y-y-i 2d^n>x>tJ- 

1 4 t^gil 6 tl^gl 8 tfl/T^«^3>y 
*5V^T, te&i&3£&WflUCTi£A-r£*!E#K 

-««»c«j^ai2 od^^s&snfcTKT^-s^ai^T- 

£>•£>. 1 8 »C*5V^T, «{KWIC^2 2^$n 

fe;W-y*^©7K«^fiEJC^LT^glH«tTfitA 

&mizm&&m2i£z>z.£iz&r)tisi!iztiz>. 

[0 0 0 4] ^9-©^Stt, — iK»JC->x;P*5J:^ 

^©^3.-y*i^je>en7t^-SB->x;p^^^-5. thu 

»il/T#5«4. J»***t>n*t. )^ai*«^P©fc 

s^x^rtTfftons^ftsjRSYfr^it^^- 

©IS;H-©3Ee»i:^-5. 

[0 0 0 5] — figWlc ®itttt©»«i©f!ftSEIft*« 
$e5^5©5 1 7-^§§©^5i^^:^i, jkxiso^ 



( 3 ) #Bfl¥ 10-160282 

3 4 

[0 0 0 6] iO«Kt-KTtt. t^TCfa-^ (HUC. *iB3B*3&«ftWtl«ttV»«if, 3gjg£j& 

£-r-#K?i5< UTV^. 02(1 ASfU, «fc^Tfig»J<fcLTim&W#oTV>.5. /a 
2 8 Ji0^3-~--7T'<X&T\Z®:WTZ>mi&&mxi?W) <«tt>ftTV»S»ttEfctt. *^IC<£V^B3S^. -fftfc 

lTV^f7-2 4 ^ffi«ffi(C*(t^. SiK2 6. 6 glCfcl^T 1 -fc>3Mro£ 3 0 ^-f 

^ntt^lC^SO^^-Tiatfc^W^-SCD^ -?-<D<fc LTte, R-13 4A, R- 

Zi&WfrZ. tfHgcpri;*. hjWgV^-g-Kte, &£9S 410 A, R-4 0 7 C, R-4 0 4*5«fcOCR- 1 2 3 

t&<DS.&*2t£3XhmH£tl.Z>o Z.tl\Z^y-\z&W 10 [0 0 11] »ET&l85£MfS3gTtt, tfc&WSV^BSS 

[0 0 0 7] fijfi, mHOMSt (chlorinated refrigeran ^ ofc. M&&ZWtn2>1&ffim\z*t~rz>ftm 

tt. ^^^«^8>J«cD^e,T. £ OHMS ICS LV>fifi [0012] ?^-->X:rA3 2IC*5tt5S&T 

[0 0 0 8] ^JKlCd^-5»ffl$:g>JM-r-5t>t^CD^ fcSt«St&fggg ttfcgt-T-S lU3gg§ 1 6**&tttl«tt 

ibx, ranFtti&aj i^niLtsi^ns aggsi^x;^ e^tftss^-r >3 s^isuta 

M4, Bmt^a.-zf(o^mii<om&m^iiLxMm. -5^*3 a izvxm^tirz^mm^mti^>. nmmtf 

im^^-^^m^mizmmhxmm-r^ ^mmvxm^y^>3 s^mz. ektej-oxtitrnz 

£il;i.£oT#e>n5£l>5d££ffit!<hbTlr>£>. h 30 n&7.fV—=fv * 3 8 &ftLXft&2tlZ>. Z.<D&? 

fc*<r>T\ W^m\zmrrz\ii\Z^-oX^^-'f^:^ KLT, ff«SS^T-A«. J*:/k-^*3 8&ffi*l 

sua-rs^fc. ?7-iz&mt-i<tiz>%iist:<D&imm& »-d. 

^^itriT. h?:fiiTl?5. [0 0 13] 

[0 0 0 9] ^C07D-gp%gftn»r«toT. [^^*^8lL«fcp<i:-r^Sie] *<V£z>fcffi.Timm 

^:geo^3.-7 r A>F ; ;PS:««^aEtC«-r!£:>S^< LI &&4 8*^i-^';\->r ! ;H^C9ST^3.-^CDTIC^ 

«[««o*«p*«iea***ffan*. zw^oumn ■Dr^mx-r^.xo^o.-^^nrz^miz^ftn^. 

xtfimiz. t-fto^zL-zf^m.^* mtKomrnz^^x n-ssgsft&tcDtfc) ^•fio^itss.tpirt 

£Hfiti^Z\£X3bZ>. (,:>. 

(0 0 1 0] K#«t«B«ib&-riRlrUI$««2fc)m> [00U] #>:7£jB.fi£-rac tKJ:*W6d»)ttJi 



( 4 

5 

gtt5f7- lr43#-5iEefc«*JfiJffl (net materials 
utilization) ©ig{t;T$>.5. &IZ. SitT}!£JSl5£ jRifggg 

ttis£w«*Hjmsi4. ^y-(Dnt>\mm\zid» 

[0 0 15] #|89§©SW14. -SI5A^T^KlR^S-e|)) 10 

->at- a &mm-rz> z t-v&z. 

[0 0 16] #?gBJ©SiJ©SW14, MiSvXrA&L 

[0017] *>\zm<Dmmz. ffimz-cmH? 

-rzm i ©s&t^Ttteijt-cifrfrrssg 2 oissts 

[0 0 18] *^C9$^ICS"JCDBM«, SIlCDfflgSrt 
©e&^-:/14< «*-^^JH^-f y©fa^ i-^T? 20 

[0019] *&m<oz z>izm<z>mm\z. «t«t^sc:T?ii) 
f^-r * sn 1 ©ass t ktjbmii* -r z> m 2 ©ass t 

[0 0 2 0] 

t. *^-tf & ^ai-r 5 » o^m*s?&ai ->x j- a ic 
jsggggtw:, tt3*jic#sgiisbT?&&at«^£>fca6© 

§§14, ±i%£, TSSt, «H*AP£> mPi, fc-^tVf 

nwr«^->xjp*^-tr. asssnasi-, nsi$->x 
i^snsttfl^ein*,©^— y* 

S^n •& «fc v \Z BfS. £ nx v> & . 
[0 0 2 1] fc3B«tt3;fc. «M«AP*llE&bT*ffl-> 

x;p*ais-r*»tt&aw, ^SB->x;pco±sgici»sb 

¥7a.-zr<0'PU< th2 5 A— tr> r-**«*Wfr8fcl;:fi 



1 0- 1 6 0 2 8 2 

6 

«©tg8SS«k0t>*<«ft£fc»r>. 
[0 0 2 2] flP*H^|fi«Ttt, Mf2#S14, 

*^***«^8B->x;p*js*bT2oc9iite*}gj«-r 
s^-r ^ofe©t»5. fai ©asstevx^cTssiciB 

2 ©aBStezMP^x-:/©^! 2 

[0 0 2 3] *«W©«l©B«*JJ:tffflja[H, 

#©HHK*V»Tra— SifcttffilSffWlCWU ra— ©«F4t 
£ttbTV>-5. 
[0 0 2 4] 

«ka<^'J y h*^i?g§5 o sa^Anfef?- 1 o £ 

SfBgWlc^-T. ^5-1 014. ^iKA^ro^i^^-tJ-i 2 
?5^n>^>t)-l 4, ^$ggfil6, 38RS3I5 0 .£8it 

[0 0 2 5] &fg3§5 014, fa-^>H;WC43»-5 

ft&<D7ji¥-&m? L JL-7s 4*<a-a-r-5^si5->x;p5 2 

14. MftmiZ, *»5 6Sr-Sg»CWb. APSS6 0<htti 

ame 2 tizft&i-r&ttwo 5 8£*rr3-ssi£*-f y 

©&f£tn?a&5. APSB6 014AP6 4,h, ttiPSB6 2 

i*m p 6 6 1 it-^-ti-enga-r-5. ap 6 4 ux 

APSB6 0AS5Alfe*B, HKS/x^ 5 0 ©TSglClSS 
&-r-5lfl 1 ©^^-^;P-y6 8 &MSLTS»filO 
Sg&57 0-sgSn«.. JlvlT*«^IfiJ*SteU ->x;w© 
J;^lC|?!fS-rs® 2 <D^*.-zry)V-Z?7 2 SrigB&UT 
7KI&5 6©ttiPSB6 2^It)« dCt?aiP^'r6 6*S 

s ir^ig $ nfc y y ic^ - z> z.tx. 

->-c;i/5 2 <£a-&*©aK«r2-S)J!^±^-&c:i:fcpIfigT? 

[0 0 2 6] ftftsPSK*lr>T, ^14, 
ftStAD 7 4 SrjgS bT^gg 5 0 ©^fflv-x^ 5 2 1C 
cStAU> ^«v-x;^e.l4^1C^#:«^-C^j«aiP 7 6 

[0 0 2 7] 0 4t5J:CX|g5©i^^lC^5n-5«t5lC, 
Aa#f7 8^LTAP 7 4 S«fcLT&»SKi«A 
bfc?ftai4. fa-77 2 0S2ffl^-y©i±ei 
©±lC«tfe^-5=fc5lcB3$nfc^BH>'X-7 : -A8 0 5rS 

X;i^8 2fr*>t&%>. XZfls-ssy Hfcb< (47 X;K4. 

^%g§ ->x;u^a-5-r-cT ©?&^^ x - y ©JU:^ 

[0 0 2 8] ^^ii!)fet»clitC4=V^T> ->7fA 1 ort© 



( s 

7 

-FVsi l T&.< <Dfc¥-fct&3- 3.—-7<D'PtL< th2 5/1— fe> 
[0 0 2 9] ^©«fc-5fc3:5£l!jftM*ffili#K 

icg $ nx v» & v ^ a. - f\tm.Tm^&m^-v & 
®-rz>. io 
[0030] mmmm&&~cit. t^To^a-^f, 
ss^^e^^ff^fe«)ic«. -t^x 

lfc&i'7s7-&<D$;felstcW)ftmz2 5/1— fe>hfr£7 

5/i— fe> h©7K¥e^3.-^««?&<«ic*$nfc 

^J->^.^A©^Lfe«SglC*JViT*«J5 0/1— fe>hc9 

[oo3i] yw^u-y Fit^sian^ £ -k^ostn-s 20 
^< ^ossKB2McnbT^$ni2)*$nfe*<. una 

5 &EMT-tt, SSAUfc^**^a--^/1>H/W 
<D—Jj(DM$:ffin, H;&W?&fcVVka<3 i ^--:?7l>r J ;i' 

[0 0 3 2] *%^©$e.»tSiJ©»SbV^M^Tf«. 

asgggg 5 0 at. #»sn*^€rtt#at*t-a$>'x;p 5 2 * 

^■jL — Zf • #>/1zi— (Wolverine Tube Company) d>£ 
iSHWfcA^fig&^-tfB 1 - 3*i^lf^,n-5. £C9 

nmm\z&\,*T. &2(D$.tz\t±jj<D^a.-zfy)u-y 

^th$nfc^'ry©fe©^so. mz. ^-^citb 
<«c2©e^j.-^"«J:UT^*/k'<'j> • j-^—y 
• *>>;■<;=--- fr*>mmmzA^mti rx/i-f^-r ^ 40 

con >-x>-tJ-^i-yj :S"f :/c9t>c9T&-5. 
[0 0 3 3] ±^i5i^T^[H!llC*5^T^d:ofe^-r7 P 

^t#«». Lfristttfz, mm^sm^ ffiTmrnm 

•5. 50 



&m¥- 1 0- 1 6 0 2 8 2 
8 

[0 0 3 4] )£k±SRWVtzEm<Dmj&M. T^e»±-vg5 

n^^-r •foy-^^.m^^m^n^>^\zmzm^ 
-e&z>. *<D&otm&&&±\zmm-rz>\z\t.. sta 

tt^ftift 5 4 0 . c©*«^ioassco^7 0 

f3SBc*?J4 7^e,4 8^lC?&^l$n. HiP6 6Tl^ 

->3 >»t:fc^TtfcfeWit5<, L < te8rF&®l&£ 

[0 0 3 5] Z.<DZ\L^:lkm\Z^X, *gyS09tf>fiJ;S 

-S^ig^ (AT,,) (wall super-heat) <D¥-jj\zm£ 

ttm-rz. mz, ffiTimmR&mtmMi&vuammz 

m£%.ttM-?Z>. d©«t^ltbT, T^6>-tC98fE8SB2g 
§g*5 J; tfPI u * -r y 3. - 2 a. - 7\z 

&z>iiffi£-rz>£. 3 L ^--7M<DWLmm*tmz#irz< 

tt. «*iSI«fc«3d^4^ ! bigt^'-r-&^n*<*-S. 

[0036] AswfcMMs^-K^-nsu 

l^e.2S»ai:0/h$$T*S. lxfcrt<-s>T\ m2©ii 

^® *i*^Jg^l| lr *3 TM^©SBS IC« nx Vi«> « 
[0 0 3 7] irxiat), *^«C«fc^«S^g§«^j« 

MKtt<Dffi*izt$^Tm^fcmmfkifim&L-cz*(om 

[0 0 3 8] £Lh> *fgli4S*!lt5i. /N 
•f^'J? H fiitT^JK^^gg^ # 7 - \Z M b > 

?K^S:?&aiT-57ti6©^ffiiRS^ai->X^AX* 

it, tab%¥*»«i-«Mrr5. ^a.-y/i> r ; 
7 u -»ES8*^ e ©^ -f v - iz «t o t co e> 

%§§(^C05 L i-7'C0'>/c£< £h 2 5 96*t*ttf»ejS*3« 



[0®<Dffl*fcIft9i] 

[0 1] fit*©^ — ->7.5 i A©Sf^0Tab-5. 

gB#$fB§0T&5. 
[0 3] ^T^^5&fgS§£#T5ft:fccD5r7-vXT- 

[04] *%W\Z±Z>ffi.Tim/ffim^-7Vv HH^ 
§§ * -5 5 - -> 7. 7- A CD & BS 0 T & -5 . 

[0 5] m4\z^nrz^-ry<Dm.Timymi&/\^zr 

'J y K^S§COfBBS{bbfc8ff®0T*^>. 
[fiMICOlftSl] 



( 6 ) 4*B8¥1 0- 1 6 0 2 8 2 

10 

1 0—^7- 
1 2 •=!>:/ ix-y-y- 
i 4 •••a >^>-y- 
i 

5 0 - »T«Mt/*ltt/W y KftflHI 

5 4-*¥£^a-^ 

5 6-*ft 

6 8 —jB 1 j.-y^-T' 
10 7 

7 6-K*j£ffln 

7 S-AD^W 

8 O-^EvO^A 
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